Introduction
============

Achalasia, with an annual incidence of 1/100,000 in Western countries, is a rare motility disease characterized by impaired swallowing due to dysfunction of the lower esophageal sphincter (LES) ([@b1-mmr-21-03-1276],[@b2-mmr-21-03-1276]). The condition is associated with an increased risk of esophageal carcinoma ([@b3-mmr-21-03-1276],[@b4-mmr-21-03-1276]). Histopathological analyses of myotomy specimens from patients with idiopathic achalasia demonstrate a degradation of ganglion cells in the esophageal myenteric plexus ([@b5-mmr-21-03-1276],[@b6-mmr-21-03-1276]) and inflammatory cell infiltration. The etiology of achalasia is unknown, but has been postulated to be related to autoimmunity, neurodegeneration and viral immunity ([@b7-mmr-21-03-1276]).

The predominant symptoms of achalasia are dysphagia and regurgitation. In addition, persistent esophageal distension due to food and fluid retention can lead to fungal and bacterial overgrowth, and impaired clearance of gastric contents ([@b8-mmr-21-03-1276]). Acid regurgitation can cause chronic inflammation, dysplasia and even cancer. Meijssen *et al* ([@b9-mmr-21-03-1276]) reported that the risk of esophageal cancer is 33 times greater in patients with achalasia compared with the general population. Streitz *et al* ([@b10-mmr-21-03-1276]) reported that the incidence of squamous cell carcinoma was 88/100,000 in the patients with achalasia in their study, which represents a 14.5 times greater risk than that in the general population after adjustments for age and sex. In a recent study, Tustumi *et al* ([@b11-mmr-21-03-1276]) performed a systematic review and meta-analysis that showed that achalasia cardia is associated with an increased risk of esophageal cancer, highlighting the need for strict endoscopic surveillance in patients with achalasia.

A potential contributor to the development of esophageal cancer in patients with achalasia is aflatoxin (AF) ([@b12-mmr-21-03-1276]). AF is one of the most potent toxic, carcinogenic, teratogenic and immunosuppressive substances that is present naturally in certain foods, particularly improperly stored foods, such as corn, rice, peanuts, wheat and a variety of spices ([@b13-mmr-21-03-1276]). AFs comprise a group of closely related mycotoxins that are produced as secondary metabolites by several fungi, namely *Aspergillus (A.) flavus, A. nomius* and *A. parasiticus* ([@b14-mmr-21-03-1276]--[@b16-mmr-21-03-1276]). Although the major AF subtypes (B~1~, B~2~, G~1~ and G~2~) are often found together in varying proportions in different foods, AF B~1~ is the predominant subtype with the most potent carcinogenic effect ([@b17-mmr-21-03-1276]).

Since 2010, per oral endoscopic myotomy (POEM) has been used as an effective treatment option to relieve esophageal food retention in patients with achalasia ([@b18-mmr-21-03-1276]), and is increasingly replacing pneumatic dilatation, Botox injection and Heller myotomy as a treatment for achalasia ([@b19-mmr-21-03-1276]--[@b22-mmr-21-03-1276]). Furthermore, Minami *et al* ([@b23-mmr-21-03-1276]) reported that POEM may reduce the risk of esophageal carcinoma in patients with achalasia.

On this basis, it was hypothesized that an agent present in the food retained in the esophagus may be responsible for the subsequent development of carcinomas in patients with achalasia ([@b24-mmr-21-03-1276]). The present study was designed to determine whether AFs are present in the esophageal contents of patients with achalasia and whether AFs are related to the symptomatology of achalasia, particularly the cancer risk.

Materials and methods
=====================

### Study design and patient population

The present single-center prospective study consecutively enrolled 75 patients (age range, 14--81 years; 34 males and 41 females) who underwent POEM at the Endoscopy Center and Endoscopy Research Institute, Zhongshan Hospital, Fudan University, between January 2016 and June 2016. Patients were eligible for enrollment in the study if they were 14--90 years of age and had recurrent/persistent symptoms of achalasia with an Eckardt symptom score of ≥4. The Eckardt score is the sum of the symptom scores for dysphagia, regurgitation, chest pain and weight loss ([@b25-mmr-21-03-1276]). The diagnosis of achalasia was based on the absence of peristalsis and the presence of impaired LES relaxation on established tests (barium swallow, manometry or esophagogastroduodenoscopy). The exclusion criteria were pseudo-achalasia, megaesophagus (diameter \>7 cm), and severe cardiopulmonary disease or other serious disease posing unacceptable surgical risk ([@b26-mmr-21-03-1276]). Patients with mild or moderate esophagitis that did not induce esophageal stricture were not excluded. In addition, 30 healthy volunteers (age, 23--45 years; 18 males and 12 females) were recruited following healthy examination at the Endoscopy Center and Endoscopy Research Institute, Zhongshan Hospital, Fudan University, between April 2016 and September 2016. Esophageal contents samples obtained from healthy volunteers were used as controls. The baseline characteristics of the patients are given in [Table I](#tI-mmr-21-03-1276){ref-type="table"}.

All patients and volunteers provided written informed consent prior to their inclusion into the study. Written informed consent was obtained from the parents/guardians of all minors included in the present study. The study was approved by the ethics committee of Zhongshan Hospital, Fudan University (approval no. B2012-089).

### Calculation of LES pressure

The pre- and post-myotomy LES pressures were recorded using a high-resolution manometry system (Sierra Scientific Instruments Inc.), as described previously ([@b27-mmr-21-03-1276]). In brief, the high-resolution manometry assembly was placed transnasally, and the manometric catheter was positioned to record from the hypopharynx to the stomach with \~5 intragastric sensors. Manometric assessments were performed with the patient in a supine position and after ≥6 h of fasting. The manometric protocol included a 5 min period to measure the basal gastroesophageal junction pressure; 10 water swallows of 5 ml each; and 1 water swallow each of 1 (dry), 10 and 20 ml. All manometric analyses were performed using Mano-View (version 3.0; Medtronic); the data tracings were evaluated in the color pressure topography mode and referenced to the intragastric pressure.

### Treatment and sample collection

All patients were treated using POEM, which was performed by experienced endoscopists at the Endoscopy Center and Endoscopy Research Institute, Zhongshan Hospital, Fudan University. The patients underwent gastroscopy examination again at 3 months after POEM. A proton pump inhibitor (usually omeprazole) and antibiotics (usually second-generation cephalosporins) were administered for 1--2 days during the fasting period after POEM. Patients were usually discharged 2--3 days after POEM if they were able to swallow liquids and had no other complaints, such as fever.

Prior to the POEM procedure, samples of the esophageal contents were collected from the patients with achalasia by performing saline irrigation of the esophageal lumen, followed by fluid suction into a sterile container. Using the same method, esophageal samples were obtained from the healthy volunteers in the control group. During the POEM procedure, two biopsy specimens of the esophageal mucosa were collected from each patient. The biopsy sites were located 2 cm from the cardia, within the esophagus.

### Measurement of AF concentration in esophageal contents

The esophageal luminal contents were examined for AFs by using ELISA (cat. no. E030502; Shanghai Bangyi Biological Technology Co. Ltd.). This kit can detect AFs B~1~, B~2~, G~1~ and G~2~. The assays were conducted according to the manufacturer\'s instructions. Residual food in the esophagus was aspirated using a regular gastroscope during the endoscopic examination before POEM. If the residual food was primarily solid, \~250 ml of sterile normal saline was used to irrigate the esophagus until it was clean. The original volume of the samples used in for ELISA was usually 20--30 ml. Samples were prepared as follows: 35 ml methanol was added to the 15 ml original sample and shaken at 20--25°C for 15 min with a shaker; the sample was centrifuged at 1500 × g at 20--25°C for 5 min; 1 ml supernatant was mixed with 1ml deionized water; 50 µl diluted supernatant was added to each well and incubated for 2 h at 20--25°C prior to analysis by ELISA.

### Immunohistochemical analysis of esophageal biopsy specimens

A total of two 4 mm-long esophageal mucosal specimens were collected during each POEM procedure. The specimens were fixed using 4% formalin at 20--25°C for 8--12 h, paraffin-embedded, cut into 3 µm thick sections, mounted on silane-coated glass slides, dried, deparaffinized with xylene and rehydrated using a graded ethanol series. For antigen retrieval, the specimens were boiled for 20 min in 10 mM monosodium citrate buffer (pH 6.0) for Ki67 immunostaining or 10 mM Tris/EDTA buffer (pH 9.0) for p53 immunostaining. To quench endogenous peroxidase, the slides were incubated in a 0.5% solution of H~2~O~2~ in phosphate-buffered citric acid for 20 min at 20°C, washed 3--5 times with TBS (pH 7.4), and incubated again with TBS containing 10% non-immune rabbit serum (Dako; Agilent Technologies, Inc.) with 10% human plasma (Ki67; Dako; Aglient Technologies, Inc.) or 5% bovine serum albumin (p53; Dako; Aglient Technologies, Inc.) at 20--25°C for 30 min. Afterwards, the slides were incubated with the primary antibodies anti-Ki67 (cat. no. M724029; MIB-1; Dako; Agilent Technologies, Inc.) and anti-p53 (cat. no. NCL-L-p53-DO7; DO-7; Leica Biosystems GmbH) at 1:100 dilution for 12 h at 0--4°C. Next, the slides were incubated with biotin-labeled rabbit anti-mouse secondary antibody (cat. no. DS9800; Leica Microsystems GmbH) at 20--25°C for 8 min and a streptavidin-horseradish peroxidase complex (cat. no. DS9800; Leica Biosystems GmbH). 3-Amino-9-ethylcarbazole was used as the substrate for detection for 5 min at 20--25°C. The immunochemical staining was observed using a DM 2000 light microscope (magnification, ×200; Leica Microsystems GmbH) and was analyzed by two experienced pathologists who were blinded to the clinical data. At least 300 nuclei were counted per section, and cells with moderate-to-intense nuclear staining were counted manually as immune-positive.

### Animal experiments

A total of 12 male Wistar albino rats (weight, \~280 g; age, 8 weeks; Beijing Vital River Laboratory Animal Technology Co., Ltd.) were used in the present study. The recommendations of the Guide for the Care and Use of Laboratory Animals of Zhongshan Hospital, Fudan University were followed, and the animal experiments were approved by the Medical Faculty Animal Care Committee of Zhongshan Hospital, Fudan University. The rats were housed at 18--25°C with 40--70% humidity and 12 h light/dark cycles, and fed water and food *ad libitum*. All the rats in the study were anesthetized prior to cervical dislocation. Ketamine (100 mg/kg) and xylazine (10 mg/kg) were administered by intraperitoneal injection to anesthetize the rats.

### Drugs

AF B~1~, a nitric oxide (NO) synthase inhibitor \[NG-nitro-L-arginine (L-NNA)\], and atropine sulfate were obtained from Sigma-Aldrich (Merck KGaA). A 2 mg/ml stock solution of AF was prepared in dimethyl sulfoxide (which does not directly affect murine-isolated smooth muscle preparations) and stored at 0--4°C. Other drugs were dissolved in ethanol and deionized water (1:1) as 1 mg/ml stock solutions, and were subsequently diluted in deionized water before use.

### Isolated smooth muscle experiments

All 12 rats were sacrificed by means of cervical dislocation, and a 2 cm-long esophageal specimen was excised from the gastro-esophageal junction through a \~7 cm-long mid-abdominal incision. Fat and connective tissues were removed from the excised specimen, and the esophageal lumen was cleaned with Tyrode solution (NaCl, 8 g/l; CaCl~2~, 2.5 g/l; KCl, 0.2 g/l; MgSO~4~, 0.1 g/l; NaH~2~PO~4~, 0.05 g/l; NaHCO~3~, 1.0 g/l; and glucose, 1.0 g/l) previously aerated with 95% O~2~ and 5% CO~2~. Then, 1 cm-long full-thickness esophageal segments were hung in a circular orientation in tissue baths filled with 10 ml Tyrode solution at 37.0°C. The upper ends of the esophageal segments were attached to an isometric transducer (cat. no. JZJ01; Chengdu Instrument Factory) and the lower ends preloaded with 1.5 g tension. The tissues were equilibrated for \~20 min. Tissue contraction was considered the reference response after equilibrium and at the beginning of each experiment. The tissues were equilibrated for \~20 min again before the addition of 5, 50 and 500 ng/ml AF. Isometric tension was recorded and analyzed using the RM6280 system (Chengdu Instrument Factory). To ensure maximal effect, the esophageal segments were incubated with each concentration of AF for 3 min. Subsequently, 20 min before the final and highest dose of AF (500 ng/ml), the cholinergic inhibitor atropine sulfate (0.2 µg/ml) or the NO synthase inhibitor L-NNA (0.2 µg/ml) was added to the bath.

### Statistical analysis

Data were expressed as mean ± standard error of the mean. All statistical analyses were conducted using SPSS v13.0 software (SPSS, Inc.). Continuous data were compared using Student\'s t-test between two groups. One-way ANOVA followed by Bonferroni\'s test was applied to assess the differences among groups. The pre-operative values of AF, Ki67 and p53 were subtracted from the post-operative values to represent the changes of these indexes after POEM. Subsequently, bivariate Pearson correlation analysis was used to measure relationships between two variables. All tests were two sided, and P\<0.05 was considered to indicate a statistically significant difference.

Results
=======

### AF is found in esophageal contents and eliminated after POEM in most patients with achalasia

A total of 75 patients were enrolled in this study. Their baseline characteristics are shown in [Table I](#tI-mmr-21-03-1276){ref-type="table"}. Before POEM, AF was detected in the esophageal contents of 67 of the 75 patients with achalasia. These samples exhibited a yellow-green fluorescence upon irradiation with 365 nm violet light, which indicated the presence of AF ([Fig. 1A and B](#f1-mmr-21-03-1276){ref-type="fig"}); in contrast, the control group did not show any fluorescence ([Fig. 1C and D](#f1-mmr-21-03-1276){ref-type="fig"}). Notably, at 3 months after POEM, AF was detected in only 2 samples, and both of these patients still had dysphagia and retention symptoms.

While performing the POEM procedure, retained foods were first removed from the esophagus ([Fig. 2A](#f2-mmr-21-03-1276){ref-type="fig"}). In one patient, after the esophagus had been cleared, a large sheet erosion was incidentally found in the esophageal mucosa, and this area was biopsied ([Fig. 2B](#f2-mmr-21-03-1276){ref-type="fig"}). The pathological report showed esophageal squamous epithelium with high-grade dysplasia, and the patient underwent endoscopic submucosal dissection in the Endoscopy Center and Endoscopy Research Institute, Zhongshan Hospital, Fudan University after a few weeks.

### Reduced Ki67 and p53 immunoreactivity after POEM

To assess markers associated with cancer development, immunohistochemical analyses of the esophageal specimens was performed. The mean percentage of Ki67-immunopositive cells was significantly lower in the esophageal mucosa samples taken after POEM compared with the samples collected before POEM, with 27.8% \[95% (CI), 25.98--29.70\] before compared with 20.7% (95% CI, 19.78--24.03) after (P=0.04; [Fig. 3](#f3-mmr-21-03-1276){ref-type="fig"}). Similarly, the mean percentage of p53-positive cells significantly decreased after POEM \[2.14% (95% CI, 1.85--2.41) vs. 1.45% (95% CI, 1.22--1.68); P=0.03; [Fig. 4](#f4-mmr-21-03-1276){ref-type="fig"}\].

However, no correlation was observed between AF and Ki67 (R=−0.142, P=0.223; [Fig. S1A](#SD1-mmr-21-03-1276){ref-type="supplementary-material"}), or between AF and p53 (R=0.179, P=0.124; [Fig. S1B](#SD1-mmr-21-03-1276){ref-type="supplementary-material"}) prior to POEM. Similarly, following POEM, no correlation was observed between AF and Ki67 (R=−0.174, P=0.135; [Fig. S2A](#SD1-mmr-21-03-1276){ref-type="supplementary-material"}), or between AF and p53 (R=0.098, P=0.401; [Fig. S2B](#SD1-mmr-21-03-1276){ref-type="supplementary-material"}).

### AF increases the amplitude and frequency of LES contractions in vitro

To determine whether AF affected LES contractions in patients with achalasia, *in vitro* experiments were performed using esophageal segments excised from adult Wistar albino rats. It was found that both the frequency and amplitude of LES contractions significantly increased after the application of 500 ng/ml AF B~1~ ([Fig. 5A and B](#f5-mmr-21-03-1276){ref-type="fig"}; P\<0.05). This AF-induced increase in esophageal tissue contractions was blocked by cholinergic inhibition. The bath application of atropine sulfate (0.2 µg/ml) significantly inhibited the amplitude ([Fig. 6A](#f6-mmr-21-03-1276){ref-type="fig"}) and frequency ([Fig. 6B](#f6-mmr-21-03-1276){ref-type="fig"}) of LES contractions in the presence of AF (both P\<0.05). However, the same dose of the NO synthase inhibitor L-NNA had no such effect. Altogether, these data demonstrated that LES contractions increased in the presence of AF, and that this increase was rapidly alleviated by the inhibition of cholinergic signaling.

Discussion
==========

The present study measured the AF levels in the esophageal contents of patients with achalasia before and 3 months after they underwent POEM. The carcinogen AF was present in most patients with achalasia before POEM, and was absent in nearly all patients after POEM. In addition, the absence of AF paralleled the reductions in Ki67 and p53 immunoreactivity in the esophageal mucosa seen in biopsies, suggesting that AF accumulation in food contents retained within the esophagus may contribute to cancer development in patients with achalasia. *In vitro* studies revealed that AF accumulation was associated with an increase in the contractility of murine esophageal sections, and this increase was blocked by a cholinergic inhibitor. These findings suggested that AF is not only linked to markers of esophageal cancer in patients with achalasia but also a possible contributor to the symptomatology of achalasia via cholinergic signaling.

In the general population, AF is not detected in the blood using ELISA or high-performance liquid chromatography, and very low levels of AF (\<0.03 ng/ml) are detected in urine samples ([@b28-mmr-21-03-1276]). Environmental AF contamination reportedly ranges between 7.2--125.4 µg/kg, which is normally too low to cause disease ([@b29-mmr-21-03-1276]). While AF is not found in the esophagus in the general population, it was detected in most patients with achalasia enrolled in the present study. Importantly, minimal levels of AF were detected in these patients after POEM, when the food retention had been alleviated. This is the first report, to the best of the authors\' knowledge, documenting an association between AF and achalasia.

Fujii *et al* ([@b30-mmr-21-03-1276]) reported higher Ki67 positivity in cancerous tissues compared with non-cancer tissues in patients with achalasia with concomitant esophageal squamous cancer. Leeuwenburgh *et al* ([@b31-mmr-21-03-1276]) found that p53 overexpression might be an early marker of neoplastic progression in patients with achalasia. With this in mind, the present study performed immunohistochemical analyses of the esophageal mucosal specimens collected from the patients with achalasia. Notably, significant decreases in both these markers were observed after POEM. These findings implied that patients might be at a reduced risk of developing esophageal carcinoma after they have been treated with POEM and their symptoms have resolved. In the present study, AF was detected in the esophageal contents of 67 of the 75 patients with achalasia prior to POEM, but in only 2 patients following POEM. Therefore, it is not appropriate to directly use bivariate Pearson correlation analysis for the post-operative data. Thus, the pre-operative values of AF (also Ki67 and p53) were subtracted from the post-operative values to represent the changes of these indexes after POEM, then bivariate Pearson correlation analysis was used to assess the relationships between these indexes. However, no correlation was observed between AF and Ki67/p53 before or after POEM. The samples for AF ELISA were collected using gastroscopy. Sterile normal saline was used to flush food residue in the esophagus prior to its complete removal by suction. This may have contributed to the negative result from dilution effects that may have lowered the AF concentration.

AF is known to induce both acute and chronic toxicity in numerous species ([@b32-mmr-21-03-1276]). The *in vitro* experiments of the present study further demonstrated that AF directly influenced murine esophageal contractility, which is consistent with previous reports concerning the gastrointestinal systems of animals ([@b33-mmr-21-03-1276]). AF has been shown to induce abdominal pain, diarrhea, vomiting and severe erosions ([@b34-mmr-21-03-1276]). The present study found that a 500 ng/ml concentration of AF B~1~ increased both the amplitude and frequency of LES contractions, and that these effects were driven by cholinergic signaling, as they were rapidly blocked by atropine sulfate.

Although the factors contributing to achalasia have not yet been fully elucidated, evidence suggests that ganglionitis due to aberrant immune responses to viral infections underlies the loss of esophageal neurons, particularly in genetically susceptible populations ([@b35-mmr-21-03-1276],[@b36-mmr-21-03-1276]). The loss of inhibitory tone and the subsequent retention of ingested food can lead to regurgitation, chest pain, dysphagia and weight loss, as well as an increased risk of esophageal carcinoma ([@b25-mmr-21-03-1276],[@b37-mmr-21-03-1276]--[@b39-mmr-21-03-1276]). Thus, the main pathophysiology of achalasia may be the degradation of ganglion cells in the esophageal myenteric plexus. Although the absence of NO synthase in the myenteric plexus of the LES has been proposed as the primary factor ([@b40-mmr-21-03-1276]), the results of the present study suggested a more important role for the cholinergic system. However, other studies have reported that AF can inhibit NO synthase ([@b41-mmr-21-03-1276]--[@b43-mmr-21-03-1276]). Therefore, it is hypothesized that the AF-mediated inhibition of NO synthase may have a long-term effect on the LES, while AF has a direct and acute effect on LES via the cholinergic signaling pathway. However, verification using *in vivo* studies will make these results more convincing.

The present study has certain limitations. First, in the preliminary studies, a number of contaminants were found in food samples, including nitrates, *Candida albicans*, sterigmatocystin and *Staphylococcus aureus*. However, only AF was assessed in the present study, as AF is one of the most potent toxic and carcinogenic substances that is naturally present in improperly stored foods. Other carcinogens should be assessed in future studies. Second, the diet of the patients was not controlled, and the patients were not asked to provide diet information. Third, as mentioned earlier, saline irrigation and suction may not be an ideal method for the collection of esophageal contents due to dilution effects. An appropriate and efficient alternative method to collect samples for AF measurement without any bias needs to be found. Finally, animal models of achalasia are difficult to establish. Commonly used methods include esophageal ligation ([@b44-mmr-21-03-1276]), but it is difficult to simulate the complex changes of achalasia using this method. Infection with *Trypanosoma americanum* (*T. americanum*) has been used to imitate the pathophysiology of achalasia in animals ([@b45-mmr-21-03-1276],[@b46-mmr-21-03-1276]), but this method might not be ethically acceptable, and *T. americanum* cannot be imported to China.

In conclusion, the findings of the present study demonstrated that AF accumulated in the esophageal contents of patients with achalasia and was eliminated after POEM. The reduced Ki67 and p53 expression after treatment in these patients showed that POEM may decrease the risk of esophageal neoplastic progression. It was hypothesized that the removal of AF after POEM may be the reason for the reduced expression of these biomarkers. Furthermore, the present study demonstrated that AF increased the contractility of the LES, and that this increase can be blocked by cholinergic inhibitors. Further studies are needed to elucidate how AF participates in the process of achalasia, the AF dose required to produce these effects, and whether esophageal AF accumulation is a cause or result of achalasia, or simply maintains the symptoms of achalasia. It is also hoped to establish a suitable animal model of achalasia to study the long-term effects of AF on the LES.
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![Fluorescence under 365-nm violet light. (A and B) Aflatoxin- containing samples of retained food exhibited yellow-green fluorescence upon irradiation with 365 nm violet light, while (C and D) control-group samples did not exhibit any fluorescence. Red arrows indicate which sample is being referred to in each panel.](MMR-21-03-1276-g00){#f1-mmr-21-03-1276}

![Gastroscopy images of achalasia. (A) Gastroscopy showing food retention and inflammatory edema of the esophageal mucosa in a patient with achalasia at the beginning of the per oral endoscopic myotomy procedure. (B) Gastroscopy showing early esophageal carcinoma in a patient with achalasia; this patient underwent endoscopic submucosal dissection a few weeks later.](MMR-21-03-1276-g01){#f2-mmr-21-03-1276}

![Immunohistochemical staining for Ki67 in the esophageal mucosa. Representative micrographs of Ki67 immunohistochemical analysis of specimens taken from patients with achalasia (A) before and (B) after POEM (magnification ×200). (C) Quantification revealed a significant reduction in the percentage of Ki67-positive cells after POEM. \*P\<0.05, as indicated. POEM, per oral endoscopic myotomy.](MMR-21-03-1276-g02){#f3-mmr-21-03-1276}

![Immunohistochemical staining for p53 in the esophageal mucosa. Representative micrographs of p53 immunohistochemical analysis of specimens taken from patients with achalasia (A) before and (B) after POEM (magnification ×200). (C) Quantification revealed a significant reduction in the percentage of p53-positive cells after POEM. \*P\<0.05, as indicated. POEM, per oral endoscopic myotomy.](MMR-21-03-1276-g03){#f4-mmr-21-03-1276}

![Amplitude and frequency under different levels of aflatoxin. Aflatoxin treatment increases the (A) amplitude and (B) frequency of murine lower esophageal sphincter contractions. Data are expressed as mean ± standard error of the mean. \*P\<0.05 vs. control.](MMR-21-03-1276-g04){#f5-mmr-21-03-1276}

![Amplitude and frequency under different types of solutions. (A) Amplitude and (B) frequency of murine LES contractions after the bath application of AF alone and with ATR or the nitric oxide synthase inhibitor l-NNA. The bath application of ATR (0.2 µg/ml) significantly inhibited the (A) amplitude and (B) frequency of LES contractions in the presence of AF. However, the same dose of l-NNA had no such effect. Data were expressed as mean ± standard error of the mean. \*P\<0.05 vs. control; ^\#^P\<0.05 vs. AF. LES, lower esophageal sphincter; AF, aflatoxin; ATR, atropine sulfate; l-NNA, NG-nitro-l-arginine.](MMR-21-03-1276-g05){#f6-mmr-21-03-1276}

###### 

Patient characteristics before and after POEM.

  Characteristic                                         Value
  ------------------------------------------------------ ------------------------------------
  Age, years; median \[IQR\] (range)                     40.00 \[26.0--51.0\] (14.0--81.0)
    \<18, n (%)                                          2.00 (2.7)
    ≥18 and \<60, n (%)                                  65.00 (86.7)
    ≥60, n (%)                                           8.00 (10.7)
  Sex, n (%)                                             
    Male                                                 34.00 (45.3)
    Female                                               41.00 (54.7)
  Disease duration, years; median \[IQR\] (range)        8.00 \[4.0--10.0\] (0.5--30.0)
  Sigmoid-type esophagus, n (%)                          9.00 (12)
  Pretreatment, n (%)                                    21.00 (28)
  Balloon dilatation, n (%)                              9.00 (12)
  Stent placement, n (%)                                 4.00 (5.3)
  Botox treatment, n (%)                                 3.00 (4)
  Heller myotomy, n (%)                                  4.00 (5.3)
  POEM, n (%)                                            4.00 (5.3)
  Balloon dilatation and POEM, n (%)                     1.00 (1.3)
  Balloon dilatation and Heller myotomy, n (%)           1.00 (1.3)
  Stent and Botox treatment, n (%)                       1.00 (1.3)
  Duration of POEM, min; median \[IQR\] (range)          52.00 \[32.0--69.0\] (16.0--154.0)
  Pre-POEM LES pressure, mmHg; median \[IQR\] (range)    25.10 \[17.3--35.8\] (3.9--49.5)
  Pre-POEM Eckardt score; median \[IQR\] (range)         7.00 \[6.0--8.0\] (4.0--10.0)
  Pre-POEM aflatoxin, ng/ml; median \[IQR\] (range)      13.14 \[9.3--15.7\] (0.0--36.8)
    Negative, n (%)                                      8.00 (10.7)
    Positive, n (%)                                      67.00 (89.3)
  Post-POEM LES pressure, mmHg; median \[IQR\] (range)   10.1 \[8.0--13.2\] (5.0--16.2)
  Post-POEM Eckardt score; median \[IQR\] (range)        1.00 \[1.0--2.0\] (0.0--7.0)
  Post-POEM aflatoxin, ng/ml; median \[IQR\] (range)     0.15 \[0.0--0.0\] (0.0--6.3)
    Negative, n (%)                                      73.00 (97.3)
    Positive, n (%)                                      2.00 (2.7)

IQR, interquartile range; POEM, per oral endoscopic myotomy; LES, lower esophageal sphincter.
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